Phytoestrogen is a group compound which has estrogen-like structure or function. The aim of this research was to evaluate phytoestrogen stimulating activity inside Marsilea crenata Presl leaves on alkaline phosphatase (ALP), a marker in osteoblast differentiation. Osteoblast cells were exposed with n-hexane extract of M. crenata leaves with dose 400, 200, 100, 50, and 25 ppm, and 4 fractions of M. crenata leaves with dose 25 ppm for 48 hours. N-hexane extract and four fractions of M. crenata leaves were tested using immunocytochemistry (ICC) and confocal laser scanning microscopy (CLSM). The results showed anon monotonic response was between dose improvement of n-hexane extract and ALP activity, whereas fraction 2 and fraction 4 were able to increase ALP activity that valued of 96.711 and 131.840, respectively, which was more than control. Through correlation analysis between research result and literature, it could be concluded that palmitic acid in fraction 2 and fraction 4 were phytoestrogen compound in M. crenata that played role in the improvement of ALP activity in MC3T3-E1 osteoblast cell.
INTRODUCTION
Osteoporosis is a condition which is characterized by decreasing of bone mass that is accompanied by destruction of bone micro-architecture and leads to increase the risk of fracture (Villiers, 2009; Lee et al., 2013) . A rapid rate of bone resorption that exceeds the rate of bone formation results in bone abnormalities such as osteoporosis (Tung et al., 2009) . Osteoblast cell plays a crucial role in bone formation through the proliferation and differentiation. Thus, stimulation of osteoblast differentiation has been suggested to be an important therapeutic approach for the prevention and treatment of osteoporosis (Tung et al., 2009; Widyowati, 2011) .
Osteoblast differentiation is a complex process of sequential expression of marker proteins such as alkaline phosphate (ALP) (Widyowati, 2011) . ALP is one of the important markers in the process of cell differentiation. It is formed in the early stage of differentiation of the pre-osteoblast cell into osteoblast and acts as a promoter of matrix formation and mineralization (Golub and Battaglia, 2007; Kini and Nandeesh, 2012) .
Marsilea crenata Presl is a unique plant that grows in East Java, Indonesia. Its leaves are widely used as ingredients for traditional food (Afriastini, 2003; Nurjanah et al., 2012) . The aim of this research is to determine whether M. crenata has the potential effect to increase ALP activity in MC3T3-E1 osteoblast cell. Several studies have been conducted and showed that ethanol extract of the leaves of M. crenata could prevent osteoporosis in postmenopausal women through improvement of bone formation (Yacoeb et al., 2010; Laswati, 2011) .
The anti-osteoporosis activity in the plant was occurred due to the phytoestrogen compounds in M. crenata. Phytoestrogens were a group of compounds derived from plants that had estrogenlike structures or could replace the function of estrogen in its bond with estrogen receptors (Cos et al., 2003; Ososki and Kennelly, 2003; Villiers, 2009; Yang et al., 2012) . To know its activity, M. crenata leaves were extracted with n-hexane then being separated into four fractions group. It had an effect on proliferation and differentiation process of the MC3T3-E1osteoblast cell. It was studied with ICC method and the measurement of ALP activity was conducted by CLSM instruments.
MATERIAL AND METHODS

Plants material
M. crenata were collected in Benowo district, Surabaya, Indonesia in September 2015, and was identified in UPT Materia Medica, Batu, Indonesia at September 2015 with specimen number 1a-17b-18a-1. The leaves were dried and ground in order to retain their green color.
Materials
Fetal bovine serum (FBS), alpha modification of eagles medium (αMEM), dimethyl sulfoxide (DMSO), secondary ALP antibody, penicillin, streptomycin, and other reagents were purchased from Central Laboratory of Living Science, Brawijaya University, Malang, Indonesia. Polyclonal Anti-ALPL Antibody was purchased from Boster Biological Technology Co., Ltd., USA.
Cell culture
MC3T3-E1 osteoblast cell strain C57BL/6 Subclone 4 (ATCC ® CRL2593 ™ ) were purchased from American Type Culture Collection, Manassas, USA. MC3T3-E1osteoblast cell cultured in 24-well microplate in αMEM contained 10% FBS, 1% L-glutamine, 1% natrium pyruvate, 100 U/ml penicillin, and 100 U/ml streptomycin in a 5% CO 2 incubator at 37°C. Each of them contained 5 × 10 4 cells in 4.5 ml medium, and 50 µl ascorbic acid to induce the proliferation process. All were incubated for 6 days.
Extraction and separation procedure
The extraction of 1.5 kg M. crenata leaves was performed by maceration for 4 × 24 hours at 27°C using 24 L n-hexane solvent. For separation with vacuum column chromatography, the n-hexane extract was dried with silica gel 60 Merck (70-230 Mesh) of the same amount. The vacuum column preparation was first performed by compressing the silica gel 60 G Merck in the chromatographic column with a diameter of 6.5 cm and height 6.5 cm which was connected to the vacuum pump. The eluent used was n-hexane and ethyl acetate with gradient elution.
Preparation of test samples
The n-hexane extract, fraction 1, fraction 2, fraction 3, and fraction 4 (50 mg each) were mixed with 0.5% Tween, and 80 and 50 ml of DMSO 0.5% which then was vigorously shaken at room temperature to produce 1000 ppm sample solution. Each sample was filtered using 0.22 µl Millipore. The 1000 ppm n-hexane extract was diluted to produce 400, 200, 100, 50, and 25 ppm final concentration. The 1000 ppm fraction 1, fraction 2, fraction 3, and fraction 4 were also diluted to produce 25 ppm final concentration. The samples solution (n-hexane extract and fractions) then were added to a 24-well microplate containing MC3T3-E1 osteoblast cell for 48 hours.
After the medium was disposed from 24-well microplate, cells were fixed with PFA 4% for 15 minutes. Then, it was rinsed well with PBS in five minutes in a shaker. Discarding the PBS, then adding blocking buffer (5% FBS in PBS) of 300 ml and waiting for 20 minutes in a shaker. After that, it was rinsed well in 5 minutes with PBS for three times. Later, discarding the PBS, adding the primary antibody (anti-rabbit ALP) of 300 ml/well, and waiting for 1 hour. Later, it was rinsed well with PBS for 3 × 5 minutes in a shaker. Then, Discarding the PBS, adding a secondary antibody (anti-rabbit FITC) of 300 ml/well and keeping for 45 minutes in darkness and being wrapped in aluminum foil. Then, it was rinsed well with PBS for 3 × 5 minutes and we observed ALP fluorescence with CLSM at 488 nm-wavelengths (Widyowati, 2011).
RESULTS AND DISCUSSIONS
ALP activity of n-hexane extract
The ALP fluorescence in MC3T3-E1 osteoblast cell before being given the sample solution is described in Figure 1 , while the ALP fluorescence in an MC3T3-E1osteoblast cell after being given the sample solution is described in Figure 2 . In Figure 1 and Figure 2 , well-grown and healthy cells are characterized by well-attached and static appearance, the cells also polygonal, not shrinking or swelling. ALP activity then is calculated based on the intensity of ALP fluorescence. The value of ALP activity in cells after administration of n-hexane extract of M. crenata leaves in different dose is described in Table 1 and Table 1 and Figure 3 show the relation which is not linear between given dose and ALP activity (response). Increasing dose is not accompanied by improvement of ALP activity in cells. This shows the effect of nonmonotonic response on MC3T3-E1 osteoblast cell after being given the n-hexane extract of M. crenata leaves (Vandenberg et al., 2012) . Nonmonotonic response characteristics are indicated by the slope values that vary at some points within the given dose range. The nonmonotonic response often occurs in the study with hormone or hormone replacement treatment as samples. In this case, phytoestrogen compound is inside n-hexane extract of M. crenata leaves. This is because the study with this kind of samples tends to use small dose but with erratic effects. The difference in the degree of affinity between a hormone or a hormone replacement sample with a receptor on both target receptor and non-target receptor in cells will cause difficulties in predicting the response that will arise with increasing dose. It is also difficult to determine the dose of therapy and toxic dose for compounds that have nonmonotonic response properties, because if the compound is declared safe at high dose, it is not necessarily safe at a low dose, and vice versa. The nonmonotonic response of phytoestrogen compounds of n-hexane extract of M. crenata can is caused by several things. First, it is because of selectivity of the receptor. The nonmonotonic response can occur due to the difference in affinity and receptor selectivity to the compounds, which in this case is the difference in the affinity and selectivity of receptors in osteoblast cell to the low-dose and high-dose of n-hexane extracts from M. crenata leaves. At a low dose of phytoestrogens in n-hexane extract will bind exclusively to estrogen receptor β (ERβ) with a large affinity, resulting in a large activity response as well. However, with a higher dose, phytoestrogens in n-hexane extract are likely to bind to other receptors other than ERβ that also present in the osteoblast cell, which in turn leads to decreasing response activity resulting from the antagonistic effects between two different receptors (Moriyama et al., 2002) . At the higher dose, it is possible that phytoestrogens will bind several receptors at once, such as ERβ, ERα, thyroid hormone receptors, and other receptors. This increase in the number of receptors tied to these varied allowed affinities for increasing response activity (Moriyama et al., 2002; Tilghman et al., 2010) .
The second is because of receptor down-regulation mechanism. In the interaction process, after the bonding between phytoestrogens in n-hexane extract of M. crenata leaves and ERβ, it will produce transcription factors of cell differentiation process such as osterix (Osx) and runt-related transcription factor-2 (Runx-2). These transcription factors will then induce a series of processes at the DNA level to produce ALP and induction of differentiation of osteoblast cell. At the same time, an increase in the number of administered dose will also cause the compounds to bind to other receptors. The bond will also produce other transcription factors. The transcription factors which are generated by the bonding of these other receptors can lead to inactivation and degradation of ERβ via proteasome pathways, resulting in a down-regulation receptor with the decreasing of activity response (Ismail and Nawaz, 2005) . Based on sources of some research journals, it is known that a transcription factor generated from the bonding of receptors can indeed activate and degrade other types of receptors. In this case, there is inactivation of ERβ due to the presence of other high dose receptor bonds and ultimately leads to a decrease in the activity response of ERβ. On the other hand, at a certain stage where the addition of this dose continues to be increased, the amount of degraded ERβ will increase and ultimately not proportional to the amount of ERβ production. This will then cause the cell to produce ERβ massively resulting in an increase in the bonding of the ERβ -compound and the response activity (Modrall et al., 2001) .
Another possibility that can occur due to the increased dose of the n-hexane extract of M. crenata given is desensitization of the receptor. At low dose phytoestrogens in the extract can bind exclusively with ERβ that resulting in a large response activity. However, with the addition of dose, it can trigger the occurrence of desensitization of ERβ which causes decreasing response activity. Desensitization of ERβ may occur due to constant exposure to compounds with high dose, thus making ERβ insensitive in binding to phytoestrogens in n-hexane extracts (Lohse, 1993; Freedman and Lefkowitz, 1996) . Another possibility that may occur is that at some stages the dose increases continuously, the amount of descending ERβ will increase, and it leads to degradation. This increase in degradation is ultimately not proportional to the amount of ERβ production, thus causing the cell to produce ERβ massively as a consequence. This will increase the bond between phytoestrogens with ERβ which resulting in the increasing response activity (Modrall et al., 2001) .
The last possibility that can occur is the downstream mechanism. The expression profile of a gene in a cell may differ between treatments at a low dose and high dose. The advent of nonmonotonic response effects on the suggested results there may be a small number of genes in cells that have higher sensitivity to low dose when compared with a high dose. In this study, in the provision of low dose n-hexane extracts, a gene with high sensitivity is thought to be a gene that regulates cell apoptosis and genes that regulate cell differentiation, so that low dose will inhibit the process of cell apoptosis while enhancing the differentiation process. Genes that have high sensitivity to this particular dose rate may differ depending on the type of cell and type of compound (usually hormone or hormone replacement). In addition, a mechanism that explains how the sensitivity of this gene can occur due to induction of various dose of the compound is still unknown. So, there is the possibility of giving a higher dose than before which can lead to sensitivity to other genes in the cell. Also, leading to increased differentiation process and response activity (Vendenberg et al., 2012) .
ALP activity of fractions
Fractions were given 25 mg dose for each. The ALP activities of fraction 1 until 4 are described in Table 2 .
ALP activity test with fractions as samples was similar to previous n-hexane extracts. The 25 ppm dose of fractions is chosen by two considerations. First, it was based on an explanation of the nonmonotonic response effect. ERβ has a greater likelihood to bind exclusively and produce an optimal response when binding to compounds at low dose than a high dose. The second consideration was from several research journals. They mentioned that the dose used in MC3T3-E1 osteoblast cell type for ALP activity test was about 1-50 ppm (Choi et al., 2001; Chen et al., 2011; Widyowati, 2011) . The results of ALP activity of fractions showed that not all fractions can increase the ALP activity. Fraction 2 and fraction 4 could increase the ALP activity, whereas fraction 1 and fraction 3 were actually ALP activities which were under negative control. These showed that fraction 2 and fraction 4 might contain compounds that played a role in inducing ALP production, whereas in fraction 1 and fraction 3 had not contained such compound. Based on previous research, the major compound that was found in fractions 2 and 4 was palmitic acid, whereas in fraction 1 there was no palmitic and in fraction 3 there was a low concentration of palmitic acid content (Ma'arif et al., 2016) .
From these data, it was known that palmitic acid was a compound that acted as phytoestrogens and induced the production of ALP in osteoblast cells. In some studies, it was found that administration of free fatty acids such as palmitic acid might increase the differentiation of mesenchymal stem cells (MSC) into osteoblasts in in vitro assays, and also increase bone mineral density (BMD) of mice in in vivo tests by histomorphometric bone analysis (Shan et al., 2010; Kim et al., 2013) . The mechanism of palmitic acid in enhancing the osteogenesis process occurred through significantly increasing transcription factors of differentiation processes such as Runx2 and Osx. Improvement of transcription factor would be followed by a series of molecular reactions and ended by the occurrence of differentiation of preosteoblast cells with osteoblasts which was characterized by increasing production of ALP and osteocalcin (Shan et al., 2010 , Kim et al., 2013 .
CONCLUSION
The n-hexane extract, fraction 2 and fraction 4 of M. crenata leaves can increase bone formation through induction of MC3T3-E1 osteoblast cells in differentiation process which is gotten from increasing ALP activity through measurement of ALP fluorescence intensity with CLSM. Phytoestrogen group compounds that play a role in enhancing bone formation through the induction of MC3T3-E1 osteoblast cells in differentiation process is palmitic acid.
